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FUSES

1. Introduction

Fuse is a primary protection component of each electronic/electric equipment or system.
Since working of S&T equipment effects Railway movement therefore it is essential that
fuses of specified rates must be used. Fuses of various types and various ratings are being
used in Signal & Telecommunication department. 

2. Definitions

2.1 Fuse 

A switching device, which by the fusion of one or more of its specially designed and
proportioned components open the circuit, in which it is inserted and breaks the current,
when the same exceeds a given value for a sufficient time. The term fuse covers all the parts
forming the complete switching device.

2.2 Fuse Element

The part of the fuse which is designed to melt when the fuse operates.

2.3 Fuse link

The part of fuse, including the fuse element which requires replacement by a new link when
the fuse has operated.

2.4 Fuse link contact

The conducting part of fuse link designed to engage with fuse base contact or fuse carrier
contact.

2.5 Fuse base

The fixed part of the fuse provided with terminals for being connected to the system. The
fuse base covers all the parts necessary for the insulation.

2.6 Fuse base contact

The conducting part for the fuse base connected to a terminal designed to engage with a fuse
link contact.

2.7 Enclosed fuse link

A fuse link in which the fuse element is totally enclosed, so that during operation it cannot
produce any harmful external effects due to development of an arc, the release of gas or the
ejection of flame or metallic particles.
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2.8 Rating

A term employed to designate the characteristics values that together define the working
conditions upon which the tests are based and for which the equipment is designed.

2.10 Pre-arcing time

The time between the commencement of a current large enough to cause the fuse element to
melt and the instant when the arc is initiated.

2.11 Arcing time

The interval of time between the instant of initiation of arc and the instant of final arc
extinction.

2.12 Operating time

The sum of pre-arcing time and arcing time.
     

2.13 Fusing factor 

The ratio of minimum fusing current and the current rating of fusing element. 

Or Fusing factors   =        Minimum fusing current              
 Current rating of fusing element.

Its value is always more than 1.

3.0 Description

Fuse is a safety device and the weakest part of the electrical system. It consists of a small link
of soft metal, which melts when excessive current passes through it. The fuse wires are
usually bare wires and made of lead and tin. Lead alloy for small current and tinned copper
wire issued for large current. Upto 3 amperes load, lead fuse wires are used, upto 15 amperes
alloy of lead and tin is used and above 15 amperes, tinned copper wires are used.

If a short circuit occurs anywhere in the wiring system, an excessive current flows through
the wires and fuse and if fuse operates properly, it will melt, cutting of the current before any
harm can be done. If the fuse fails to operate, the wire may become hot enough to ignite the
insulation, possibly causing a fire and it may harm the appliances and fittings connected in
the circuit.

Fuses have a second function. Besides protecting in the case of short circuit, they protect in
the case of overload. If too many appliances are connected to one circuit, more current will
flow through the supply wires than the wires were meant to carry and will cause the wires to
be burnt and appliances, accessories connected to the circuits will also be damaged. In such
cases, the fuse, if properly selected, will melt or blow, thus protecting the wires, appliances,
accessories etc.
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4. Principle of operation

The operation of fuse depends upon the heating effect of an electric current. When the
electric current is increased in a circuit due to short circuits or over loads, it increases the rate
of heat generation, which will increase the temperature of the fuse wire and thereby the rate
of heat dissipation increases from the exposed surface of the fuse wire. The final temperature
reaches to such stage that the heat generation will be equal to the rate dissipation. If this
temperature happens to be above the melting point of the material for fuse wire, fuse must
have operated.

5. Selection of fuse wire

To select the proper fuse wire to be inserted in a circuit two factors viz. (a) maximum current
rating of the circuit (b) current rating of the smallest size of wire of accessories is to be seen,
the fuse wire inserted should be of size so that when the current with reference to factors (a)
and (b) is increased, it should blow out.

The type of wire to be selected to use as a fuse wire depends upon the type of load connected
to the circuit i.e. steady load and fluctuating loads. The steady load covers the heating loads
and the fluctuating load consists of motor, capacitor and transformer loads, all of which take
transient over current when they are switched into the circuit. In steady load circuits, the fuse
forms only the protection part of the circuit. Therefore, the fuse rating should be equal to or
next greater than the ratings of the smallest cable used in the circuit. But if a number of fuse
wires are run in parallel to augment the rating of fuse, total rating should not be equal to the
product of rating of and strand and number of strands used. In fluctuating load circuits, fuse
should allow the short time over current to flow without blowing. For this, it is necessary to
select fuses of rated current greater than that of the cable of the circuit. 

The fuse wire should always be inserted in live wires or phase of the circuit, or otherwise
even if the fuse blows out, the faulty circuit will be fade and would cause considerable
damage in case of leakage fault. 

6. Melting points of various metals 

The melting point of various metals are given in table below:

Metal Melting point in
Centigrade

Aluminium 671.5°

Antimony 428.5°
Copper 1092.5°
Lead … 329°
Silver … 999°
Tin … 239.5°
Zinc … 419.20°
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6.1 Silver as a fusing element

It has been determined practically that silver is quite satisfactory material for fuse wire as it is
not subjected to oxidisation since its oxide is unstable. There is no deterioration of the
material when use in dry air, and it remains bright. But when the air is moist and contains
hydrogen sulphide, the silver surface is attacked; a layer of silver sulphide is formed at the
top which shields the metal from further attack. The only draw back in its used as a fuse wire
is that it is costlier.

Either copper or lead-tin alloy is mostly used as an ordinary fuse wire.

6.2 Copper as fuse wire

Following table gives the fusing current of copper in air.

Diamete
r of wire
in mm

Equivale
nt SWG

size

Fusing
current

amperes

Maximum
safe

working
current
amps.

Remarks

0.2336
0.254
0.2736
0.3149
0.3759
0.4572
0.5588
0.7112
0.9143
1.016
1.219
1.422
1.828
2.032

34
33
32
30
28
26
24
22
20
19
18
17
15
14

8.6
9.8
11.0
13.5
17.0
22.0
30.0
41.0
62.0
73.0
98.0
125.0
191.0
229.0

4.3
4.9
5.5
6.8
8.6
11.0
15.0
21.0
31.0
37.0
49.0
63.0
96.0
115.0

The length
of fuse
wire up to
0.4572
mm dia
 must be
between
63.5mm to
90 mm but
for large
dia wires
length
must not
be less
than 100
mm.

6.3 Lead-tin alloy as fuse wire 

Mostly for small value of current lead-tin alloy has been used in the past. The tin content
varies from 2% and above. The main objection for lead-tin alloys is that these alloys being
soft, they are apt to spread under pressure. The most preferred lead-tin alloy for a fuse
element contain 37% lead and 63% tin. Such an alloy is known as Eutectic alloy and is
preferred due to the following reasons.

1. It has the highest brinnel hardness in all the lead-tin alloy series and hence there are fewer
tendencies to spread over.
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2. Material is quite homogeneous.

Diameter
of wire in
mm

Equiva
lent
size
SWG

Fusing
current
amps.

Maximum
safe current
amps.

Remarks 

0.508
0.5588
0.6095
0.7112
0.8128
0.9143
1.219
1.626

25
24
23
22
21
20
18
16

-
3.5
4
5
6
7
10
16

2.0
2.3
2.6
3.3
4.1
4.8
7.0
11.0

The
maximum
length of
wire used
must be 63.6
mm to 90.0
mm

The table gives the approximate fusing currents of lead-tin alloy in air (lead 75%, tin 25%).

The values of current given in the above tables will be true only when the fuse wire passes
through asbestos tube and does not come in contact with it. When the fuse wire comes in
contact with porcelain, the value of fusing current increases.

Generally for rupturing small values of current, the fuse wire used is of lead-tin alloy,
because the fusing current for such a type of fuse wire is about 50% over load. For heavy
currents lead-tin alloy is not used since the diameter of wire used will be large and after
fusing the metal, released will be excessive. Lead-tin alloy fuse wires are not used beyond 10
amperes range, for which copper wires are suitable.

Note: 

When a fuse blows, something is wrong, either a cord or an appliance is defective or there are
too many appliances connected at the same time on one circuit. Find the trouble and correct
it, otherwise when the blown fuse is replaced, the new one will also blow out immediately.
Before replacing a blown fuse, remove the appliances from the circuit involved. It is usually
advisable to open the main switch before changing fuses. Never, at any time insert a fuse of
greater current carrying capacity than the wires of the circuit can safely carry.



CAMTECH/2000/S/FUSE                                    

FUSE                                           NOVEMBER 2000

6

7. Types of Fuses 

Fuses are of various forms but the most common types are described below:

I. Ordinary fuse

The ordinary or single link fuse is simply a strip of metal, usually lead. The
strip of metal, called the fuse link, is the part of the fuse through which
current flows. This metals melts and breaks the connection i.e. \stops the
flow of electricity when current more than its rating flows.

II. The Screw plug type fuse: 

It is used on electric machinery circuits of 220 volts. This type of fuse can
be had in sizes from 3 to 30 amperes and is constructed with either a
porcelain or glass body, which encloses the fuse link.

III. A knife blade cartridge fuse: 

This type of fuse is used mostly on heavy power lines of 60 to 600
amperes and 250 volts and more. They are constructed with a heavy fibre
body, fitted with brass ferrules at each end and a heavy copper blade
making contact with the circuit. Removing the end ferrules and inserting
the new link can easily renew the fuse link.

IV. The ferrule type cartridge fuse: 

This type of fuse are of two types – The renewal
or non-renewal types. The renewal type has a
small screw plug in each end that can be
renewed and the new link is inserted. The body
part of this fuse is made of fibre with brass
ferrules fastened to each end and can be had in
sizes up to 100 amperes and 250 volts.

Non-Renewal Type Renewal Type
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V. High Rupturing capacity (HRC) cartridge fuse 

These are used where the high power is supplied. These have a definite non-breaking
capacity and a high value. HRC fuse link is a unit in which the fuse element is enclosed. The
fuse link is replaced when it blows.

The outer cover is usually of steatite, a ceramic material having good mechanical strength.
Epoxy resins have been recently introduced and are replacing the ceramic material. 

The fuse elements are fitted inside the body. The ends of the fuse elements are connected to
the metal end caps. The metal caps are screwed to the ceramic body by means of special
forged screws to withstand the pressure developed under short circuit condition. End contacts
are welded to the metal end caps. These contacts are bolted on the stationery contacts on the
panel.

An indicator pin is provided, which indicates when the fuse blows out. The fuse body is filled
with powdered pure quartz. The fuse element is of silver or copper with a special shape.
Normally, the element has two or more sections joined by means of a tin joint. The element
consists of several identical strips, which are interconnected such that the arc spreads
instantly to all the strips.

Normally the fuse elements are in parts which are connected in the middle by tin bridge. The
melting point of the bridge is precise and about 2300C. The bridge does not melt at
temperatures below the melting point. Since the melting point is higher than ambient
temperature, the ambient temperature does not affect the melting.

The current passing through fuse element produces heat. With a certain current, the
temperature rises and the tin bridges melts producing a break in the circuit. Thereby an arc is
immediately spread over the neighbouring elements and they too melt. The metal vapour
diffuses with quartz powder and the product of chemical reaction produces a substance of
high resistance, which becomes an insulator. Thereby the space between the caps is filled
with a material of high dielectric strength, as the current is interrupted.

VI. Time delay fuse 

It is a fuse, which has the ability to carry overload currents of short duration without melting.
The heavier overload, the less time required for fuse to
“Blow”. In duration, this type of fuse need not have as
high rating as an ordinary fuse to permit the
instrument to be started. Like the common fuse the time
delay fuse is also made in plug and cartridge types.

Fuse Link

Solder

Thermal
Cut off

SpringBody
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VII. Glass Tube Fuse Unit

In this type of fuse unit the fuse link is closed in a glass vaccume tube which have shielded
metal caps at both ends. It is inserted between two stable terminals of the circuit. This fuse
unit is designed for low current. On blowing of fuse, fuse link can not be replace i.e.
complete fuse unit has to be replaced.

8. Comparatively Advantage & Disadvantages 

8.1 Disadvantages of ordinary fuses:

Re-wireable/ordinary fuses suffer from the following disadvantages.

a. ) Unreliable operation. It is due to:

i.     Oxidation of fuse wire and consequent thinning of wire section with lapse of time.
ii. Loose connection causes the local heating.
iii. Heat radiating devices used in the circuit.

b. ) Lack of discrimination: 

On account of unreliable operation, discrimination can not be ensured always.

c. ) Small time lag: 

On account of small time lag, these types of fuses can blow will large transient current when
three phase motors, transformer, capacitors and fluorescent lights etc are used in the circuits.

d. ) Misuse: 

Some times the proper rated wire for the fuse element is not available and any other piece of
wire is used for the fuse element to solve the purpose, which is dangerous.

e. ) Low rupturing capacity: 
The use of this fuse is limited to 4 kA in faulty circuits.

Glass Tube

     Fuse Link

Metal
Cap
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8.2 Advantages of re-wireable fuse:

I. It is cheapest form of operation.
II. It affords current limiting effect under short circuits conditions due to cut off.
III. It requires minimum time to replace.
IV. It requires no maintenance.
V. It has current limiting effect.

8.3 Advantages of HRC fuses:

I. They are simple and have easy installation.
II. They are cheaper as compared to other types of circuit interrupter of the same breaking

capacity. They have high breaking capacity.
III. They do not require any maintenance.
IV. Their operation is quick and sure.
V. They have inverse time current characteristics.
VI. They do not deteriorate with time.
VII. They are quite reliable and can be selected for proper discrimination.
VIII. They are capable of clearing high as well as low currents.
IX. They have closer control on sustained overloads due to low fusing factor and the time lag

feature.
X. They have current limitation by ‘Cut Off’ property.

8.4 Disadvantages of H.R.C. Fuses

I. After each operation, its replacement is required.
II. Interlocking is not possible in these types of fuses.
III. They lack relays in complete discrimination.

8.5 Fuse wire table for tinned copper wires.
SWG Current rating

in Amp.
App. Fusing

current in Amp.
40
39
38
37
36
35
34
33
32
31
30
29
28
27
26
25
24

1.5
2.5
3.0
3.5
4.5
5.0
5.5
6.0
7.0
8.0
8.5
10.0
12.0
13.0
14.0
15.0
17.0

3
4
5
6
7
8
9
10
11
12
13
16
18
23
28
30
33
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23
22
21
20

20.0
24.0
29.0
34.0

38
48
58
70

9. Uses of fuses in S&T

Fuse is an essential part of each electronic/electric appliances and circuits. Therefore used
significantly in Signal and Telecom. Department.

Following types of fuses are most commonly used:

Sr. No. Type of Fuse Uses

1
HRC Fuse
Rating .63, 1.6,
1, 2, 3, 5, 6, 10,
16 & 20
Amperes

1. Battery Charging
2. Signal Control Circuit
3. Signal Relay Control Circuit
4. Point control circuit

     2
Glass Fuse
Rating 1, 2, 3, 5
& 6 Amperes

1. Signal Control Circuit
2. Signal Relay Control Circuit
3. Point control circuit
4. Telephone exchange, Test Rooms, Repeaters
5. Electronic Assets
6. Audio Frequency Track Ckts.

3 Cartridge Fuse
Rating 1, 2, 3, 5
10, 15, 16 & 20
Amperes

1. Point Machine
2. Signal Control Circuit
3. Signal Relay Control Circuit
4. Point control circuit
5. Track Circuits

10. Maintenance
Fuses need special care from its supply to installation and further their maintenance for
perfect working till the life span. Extra maintenance is not required for fuses. At the time of
maintenance of any circuit or instrument following observations shall be made for
maintenance of fuse:

 Remove the dust and corrosion of fuse blocks.
 Check for tightness of fuse links.
 Precautions should be taken while removing fuse link from fuse holders in case of glass type

fuses. Glass fuse should be removed from ends. Never remove glass fuse by holding glass, it
may cause broken fuse.

 In the areas where pollution, salinity and humidity is very high, it observed that after some
period the characteristics deteriorates rapidly e.g. fuses of 6A, 1.6 A & 0.63 A are start
blowing at 5A, 1.2 Amp & 0.4 Amp respectively. Therefore in Mumbai division of Central
Railway the processor is adopted to replace important fuses after every monsoon and rest
after every two years.
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 Due to chemical reaction, at the surface of the fuse link, metallic ends and contact points a
very high oxide/chloride layer is deposited. It becomes a reason of fuse disconnection. In
such areas practice of regular cleaning of surface is adopted. 

Now Indian Railways have gone one step ahead in maintenance of fuses by introducing
maintenance of fuses through data logger.
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